ABSTRACT
INTRODUCTION
A frequent dilemma for obstetricians is to determine the best mode of delivery in order to optimize pregnancy outcome for both the mother and the neonate. If all independently significant parameters can be used to construct a predictive model, it would be possible to identify the most appropriate mode of delivery. Controversy exists as to whether the increase of intervention such as operative vaginal delivery and caesarean delivery improve obstetric outcomes.
There is a concern about the dramatically rising rates of caesarean delivery worldwide [1] . In NSW, between 1998-2008, the caesarean section rate increased while the rate of instrumental delivery remained stable [2, 3] . One of the major reasons attributed to the overall increase in caesarean delivery is a reluctance to attempt a vaginal birth after a previous caesarean delivery. However, this is not the only factor because the increase in primary caesarean delivery parallels the total caesarean delivery rate [4] .
Unnecessary caesarean sections may be associated with increased maternal and perinatal morbidity [5] . Operative vaginal deliveries (forceps and vacuum-assisted delivery) whilst carrying their own attendant risk [6] can often facilitate child birth in the second stage of labour, thus avoiding caesarean section and its associated morbidities. Although several authors have reported the relative safety of operative vaginal delivery [7, 8] , many obstetricians have abandoned the use of these interventions. The complications associated with operative vaginal delivery are dependant on case selection and the level of the experience of the obstetrician [9] . The sequential use of instruments during operative vaginal delivery and difficult instrumental delivery carry an even greater risk for the neonate [10, 11] . There are no published randomized clinical trials on which to base a choice between Caesarean and operative vaginal delivery in managing complications in second stage of labour [12] . This current study was undertaken to compare the influence of the mode of delivery on selected neonatal and maternal morbidities and outcomes in NSW over a period of 1998-2008, during which 981,178 babies were born.
METHODS
The New South Wales Midwives Data Collection (MDC) is a population-based surveillance system covering all births in NSW Australia public and private hospitals, as well as home births [2] and is a reliable system of collecting clinical information regarding obstetrics performance of women and clinical outcomes. A validation study of the MDC by staff of NSW Health Department showed low rates of missing data and generally high levels of agreement between MDC data reported to the NSW Health Department and information obtained directly from the medical record. Most data items on the new MDC form were highly reliable [13] .
The MCD includes demographic details, and information of maternal health, pregnancy, labour, delivery and perinatal outcomes. The accuracy of the data is dependant on the attending midwife or doctor to complete the standardised notification form when the birth occurs [3] . The period of the data used in this study was between 1998 and 2008. The total number of birth during this period of 11 years was 981,178. The data were analysed using the SPSS package (SPSS Inc., Chicago, IL, USA). Pregnancy and perinatal data from the MDC was used and univariate analysis was done to compare maternal conditions and neonatal outcomes in different modes of delivery, including normal vaginal delivery, forcepsassisted delivery, vacuum-assisted delivery, caesarean section and breech vaginal delivery. Further multiplevariate analyses were conducted on deliveries to compare selected maternal conditions and neonatal outcomes adjusted for maternal age, parity, maternal hypertension, pregnancy induced hypertension, maternal diabetes and gestational age. All models were checked for effect modifications. Results are presented as odds ratios (ORs) with the associated 95% confidence interval (95% CI). Multiple logistic regression analysis was used to determine the differences in probability of pregnancy outcome and maternal condition variables for different modes of delivery.
This study has been approved by South-western Sydney Area Health Service Ethics Committee.
RESULTS
Of all 981,178 births during the study period, 62.9% were normal vaginal deliveries, 10.4% were operative vaginal deliveries, including 3.8% and 6.6% for forceps and vacuum-assisted deliveries respectively, and 25.9% of the births were by caesarean section. There was a 0.7% rate of vaginal breech delivery in the study population. Figure 1 provides information on the trend of modes of delivery in NSW over the study period. It shows that the normal vaginal delivery rate has decreased from 1998 to 2008, whilst the caesarean section rate has increased. The operative vaginal delivery rate has remained constant, however the vacuum delivery rate has increased and the forceps delivery rate has decreased. Table 1 shows maternal characteristics and pregnancy outcomes comparing different modes of delivery. The rate of caesarean section in women with maternal diabetes mellitus, gestational diabetes mellitus, maternal hypertension and pre-eclampsia, were 50.5%, 33.9%, 40% and 35.8% respectively. Women who were induced had a 16.7% rate of caesarean section.
Operative vaginal delivery and breech vaginal delivery have a significantly higher risk of having episiotomy performed or having a third or fourth degree perineal tear. The data on post partum haemorrhage was available for 228,463 subjects. The rate of post partum haemorrhage was higher for operative vaginal delivery, 2.8% and 2.5% for forceps and vacuums respectively, compared to normal vaginal delivery; whereas the difference did not appear to be significant for caesarean delivery ( Table 1) .
The overall maternal mortality ratio was approximately 4.4 per 100,000 live births. The rates were signifycantly different depending on the mode of delivery. The absolute numbers of maternal deaths during the period was 43. Six were associated with normal vaginal delivery, one with forces-assisted delivery, two with vacuum-assisted delivery, 31 with caesarean delivery and 3 were associated with breech vaginal delivery. The table shows that more than half (54.2%) of the breech deliveries were low birth weight babies. Neonates delivered vaginally for breech presentations had lower Apgar scores, greater admission rates to neonate intensive care unit (NICU) and higher neonatal death rates. Table 2 lists the odds ratio for risks of maternal and neonatal outcomes. After taking maternal age, parity, smoking, and pre-labour conditions, such as diabetes, hypertension, and bleeding, caesarean section had significantly increased risk for maternal mortality, compared to normal vaginal delivery (adjusted OR 12.65%, 95% CI 5.13 -31. 19 ). The risk of third and fourth degree perineal injury was highest for forceps-assisted delivery (OR 2.37%, 95% CI 2.22 -2.52). Infants born by operative vaginal delivery and Caesarean section had increased risk of admission to NICU compared to normal vaginal delivery as shown in Table  2 . After adjusting maternal risk factor and pre-labour conditions, the risk of neonatal death was higher for forceps-assisted delivery (OR 1.84%, 95% CI 1.31 -2.59) compared to vacuum-assisted delivery (OR 0.85%, 95% CI 0.52 -1.37), caesarean section (OR 1.14%, 95% CI 1.01 -1.3) and normal vaginal delivery.
Breech vaginal deliveries carried a neonatal death risk of 2.36%, 95% CI 1.95 -2.85.
DISCUSSION
In this study 981,178 deliveries were reviewed, specifically looking at maternal and neonatal morbidity and mortality. It is observed that during the 11 years period the caesarean section rate has increased from 19% to 30.1% with a mean of 25.9%. Whilst the rate of Caesarean section in NSW is increasing [2] , it is lower than the recently reported overall rate of caesarean section in WHO global survey in Asia, which was 27.3% [5] . The NSW MDC does not classify caesarean deliveries into elective and emergency caesarean section. The outcomes therefore reflect the overall caesarean section rate. However, the data from the NSW Public Health Bulletin [2, 3] from the study period shows that the trend for both elective and emergency caesarean sections, are similarly increasing. Further analysis of this data would be necessary to identify which indications are contributing to this trend. Safe reduction in caesarean delivery rates is a priority and several authors have suggested strategies to achieve this [14, 15] .
This data may confirm the results of a previous study [16] , which indicated that there is an association between advanced maternal age and interventions during labour, including caesarean delivery. The authors also noted an association between advanced maternal age and higher rate of maternal medical complications including hypertensive disorder and diabetes, which might explain the association.
The study shows that vacuum-assisted delivery has a significantly lower risk of third and fourth degree tears compared to forceps-assisted delivery. This confirms findings from previous studies [8, 17] which show that vacuum-assisted has lower risk of maternal trauma, however, that forceps has been shown to be less traumatic for the fetus.
The fact that the operative vaginal delivery rate has remained constant over the study period is interesting. It may indicate that the contribution to increase in Caesarean section rates is not due to the obstetricians' reluctance to perform assisted vaginal deliveries. The data show that the forceps-assisted delivery rate has declined whilst the vacuum-assisted delivery rate has increased. This supports other studies reporting an increased rate of vacuum against forceps application [18, 12] . Interestingly, trainee specialists are becoming less familiar with the use of forceps deliveries and are preferentially choosing to perform vacuum-assisted deliveries [19] . There has been a recent publication which reports on the safety of operative vaginal deliveries. The authors also report that prudent use of Kjelland's forceps by experienced operators is associated with a very low maternal and neonatal adverse outcome. They go on to say that training is important, to ensure that the art of forceps delivery is not lost [7] . A leading expert [8] in vacuum assisted delivery contends that unsuccessful vacuum extraction, cup detachment and failed anterior rotation in occipito-posterior positions are commonly associated with obstetric factors that are avoidable or correctable.
In this study, there appears to be a strong association between the risk of maternal death and mode of delivery. The numbers are small but there is still statistical significance. We have been unable to extract enough clinical information on the 43 deaths in the study period to come to any conclusions on whether the mode of delivery contributed to the maternal death. In the last confidential enquiry into maternal deaths report for Australia, for the period 2003 to 2005, the maternal mortality ratio was 8.4 per 100,000. Of 29 direct maternal deaths 5 were attributed to thrombosis and thrombo-embolism and 4 to obstetric haemorrhage. Both these conditions have been associated with operative deliveries [20, 21] .
Caesarean delivery was clearly a significant risk factor of maternal death. It is difficult to comment on the risk of maternal death with operative vaginal delivery because of the wide confidential intervals in the odds ratios. Not surprisingly, operative vaginal delivery carries a significantly higher maternal traumatic morbidity rate. Other authors have also found higher morbidity rates in association with assisted vaginal delivery and caesarean delivery [22] . Caesarean section has been reported to increase the risk of severe acute maternal morbidity (SAMM) [23] . SAMM, also known as "near miss", is defined as "A very ill pregnant or recently delivered woman who would have died had it not been that luck and good care was on her side". The morbidity associated with caesarean sections may be a reflection of the maternal condition prior to the procedure being performed.
Data for Post partum haemorrhage was incomplete for all subjects in the NSW MDC. Any conclusions therefore need to be interpreted with caution. For 228,463 births that data was available there was a significant association between post partum haemorrhage and operative delivery. Surprisingly, there did not appear to be a difference in the post partum haemorrhage rates between caesarean section and normal vaginal delivery group. The post partum haemorrhage rates in these two groups were 1.8% and 1.6% respectively.
Caesarean section is associated with a higher rate of admission to NICU but there is no increase in the neonatal death when the risk is not adjusted for confounding factors ( Table 1) . After adjusting for confounding factors, presented in Table 2 , neonatal mortality rates become significantly higher for breech vaginal delivery, caesarean section and forceps-assisted delivery compared to vacuum-assisted delivery and normal vaginal delivery. Others have reported similar findings in their study [24] . There could be an argument stating that the already compromised condition of the fetus, leading to operative vaginal delivery and caesarean delivery, can contribute to the higher neonatal adverse outcomes associated with these interventions. The authors of the WHO global survey [5] draw attention to the fact that intrinsic risks associated with operative delivery are difficult to separate from the medical and obstetrical indications leading to the procedures being performed. However, in their study, they noted that women who underwent a caesarean section without a medical indication had a higher incidence of blood transfusion and admission to the intensive care. Whilst it is difficult to control for the threshold at which these occurred it was clear in their study that those having a spontaneous vaginal delivery were less likely to have a blood transfusion or be admitted to intensive care.
The association between breech vaginal delivery and neonatal mortality and morbidity has been reported previously [5, 25] . The data from the current study confirms the view that the neonate of breech vaginal delivery were at significant risk.
The analysis of the NSW MDC reviewing almost a million deliveries over an 11 years period confirms that there is an association between maternal and neonatal outcome and mode of delivery. The data showed that mothers and babies of normal vaginal delivery had better outcomes. Unnecessary Caesarean section and operative vaginal delivery may carry significant maternal and neonatal risk and therefore should be undertaken only when such deliveries are strictly indicated. Breech vaginal delivery is associated a significant neonatal risk. Further randomised and multi-centred research study is required to compare the pregnancy outcomes on different policies of operative intervention.
